The natural regeneration of tree species in forested areas has been studied by several researches. This study aimed to evaluate the natural regeneration of tree species in Corymbia citriodora (Hook.) K. D. Hill & L. A. Johnson planted forest understory in Florestal, Minas Gerais, Brazil. Individuals with diameter at breast height (DBH) ≥ 5 cm were evaluated in seven 25 x 4 m plots randomly distributed. A phytosociological survey was carried out and the ecological groups and the dispersal syndromes of the regenerants were determined. We found 28 species belonging to 12 families, among which Fabacea and Annonaceae stood out. Density was 1,557 regenerants ha -1 , and basal area was 23 m 2 ha -1 . The most important species were Psidium sp; Schefflera macrocarpa (Cham. & Schltdl.) Frodin; Pera glabrata (Schott) Poepp. ex Baill.; Astronium fraxinifolium Schott & Spreng.; Matayba guianensis Aubl.; and Plathymenia reticulata Benth. We found 35% pioneer, 40% early secondary, 18% late secondary, and 7% climax species, of which 57% are zoochoric, 40% anemochoric, and 3% autochoric. It is concluded that the natural regeneration in the understory studied comprises typical species of the Seasonal Semideciduous Forest of the Atlantic Forest biome, presenting significant density and individuals from all ecological groups.
Introduction
Despite its worldwide ecological and environmental relevance, the Atlantic Forest biome occupies only 11% to 16% of its original area, consisting now of small and isolated remnant fragments, of which 80% are smaller than 50 ha and distant, on average, 1,440 m apart (Ribeiro, Metzger, Martensen, Ponzoni, & Hirota, 2009 ). This condition can greatly hinder the forest restoration process, given the limitations imposed on seed dispersal by wind or fauna, the low permeability of the landscape matrix, and the poor conservation status of the remaining fragments (Viani, Durigan, & Melo, 2010) . In this context, forest restoration practices require a combination of local-and landscape-scale approaches, as both are crucial in the natural regeneration process (Souza Leite, Tambosi, Romitelli, & Metzger, 2013) .
In the case of tropical and subtropical forests, the restoration process involves the structuring, consolidation, and maturation stages (Brancalion, Gandolfi & Rodrigues, 2015) . The initial and structuring phase consists of the formation of a canopy and a shaded forest habitat, enabling conditions for the contribution and gradual establishment of understory tree species, accompanied by the progressive elimination of invasive and competing species that may be present in the area (Gandolfi, 2017) .
Possibilities for structuring the initial forest canopy include planting homogeneous forests, notably eucalyptus ones, provided that they allow the establishment of natural regeneration of native species at a satisfactory level in their understory (Carneiro & Rodrigues, 2007; Isernhagen, Rodrigues, Nave, & Gandolfi, 2009) .
Studies show that homogeneous forest plantations can act as catalysts for secondary forest succession, facilitating the natural regeneration of native vegetation by favoring the entry, germination, and establishment of tree species in the understory as long as there is landscape resilience that can act as an allochthonous source of propagules (Viani et al., 2010) .
This research evaluated the natural regeneration of tree species in the understory of a planted forest of C. citriodora in Florestal city, Minas Gerais, Brazil.
Materials and Methods

Study area
The study was conducted at the Federal University of Viçosa -Campus Florestal, in Florestal city, Minas Gerais, Brazil. The area has about 0.5 ha of C. citriodora forest, planted about 60 years ago at a spacing of 3 x 3 m. It is located at coordinates 19º 53' 05.39" S and 44º 25' 28.15" W, at an altitude of 781 m. The current density of planted C. citriodora trees remaining in the area is about 125 individuals.
The relief is characterized as 9% flat, 54% wavy, and 17% mountainous, with altitudes between 684 and 1,158 m. The Economic Ecological Zoning of Minas Gerais classifies the vegetation of the city as follows: 72% Seasonal Semideciduous Forest, 19% Grassland, 8% Eucalyptus, and 1% Cerrado.
According to the Köppen classification, the climate of the city is type Cwa -temperate humid with summer rains and dry winter. According to climatological normal data of the National Institute of Meteorology from 1981 to 2010, the average annual rainfall in Florestal city is 1,393 mm, with minimum and maximum average temperatures of 14.4 and 28.9 ºC, respectively, and average annual relative humidity of 64%.
Floristic survey and phytosociological analysis
Trunk diameter at breast height (DBH at 1.30 m from the ground) was measured, and regenerating tree individuals with DBH ≥ 5 cm found in the understory of eucalyptus plantation were botanically identified. Sampling was random and consisted of seven plots of 100 m 2 (5 x 20 m), as proposed by Rodrigues et al. (2013) . Sampling sufficiency was verified by the species accumulation curve (Freitas & Magalhães, 2012) .
Species were identified in the field, with their identification being confirmed by consulting the bibliography (Lorenzi, 2016; Carvalho, 2014 ). The classification system adopted was that proposed by the Angiosperm Phylogeny Group III, being verified in the Missouri Botanical Garden database via virtual access (www.tropicos.org).
The following phytosociological parameters were calculated: frequency, density, dominance, and importance value (Freitas & Magalhães, 2012) . Species were classified according to dispersal syndrome (autochory, zoochory, and anemochory) and ecological group (pioneer, early secondary, late secondary, and climax) (Vieira, 2016; Barbosa, 2017) .
Results and Discussion
A total of 109 tree individuals with DBH ≥ 5 cm were found in natural regeneration under C. citriodora plantation, corresponding to 28 species belonging to 12 botanical families, of which Fabacea and Annonaceae stood out with 46% of the total (Table 1) .
The most phytosociologically important species (43%) in the studied area were, respectively: Psidium sp. ('araça'); Schefflera macrocarpa (Cham. & Schltdl.) Frodin ('mandioqueira'); Pera glabrata (Schott) Poepp. ex Baill. ('folha-miuda'); Astronium fraxinifolium Schott & Spreng.
('gonçalo-alves'); Matayba guianensis Aubl. ('camboata'); and Plathymenia reticulata Benth. ('vinhatico').
The species found are typical of the Seasonal Semideciduous Forest of the Atlantic Forest biome (Scolforo, Mello, & Silva, 2008; Barbosa, 2017) , and occur in the region of Florestal city, Minas Gerais, Brazil (Vieira, 2016) .
It is noteworthy that each specific ecological condition, in terms of climate, soil, relief, landscape, remnant fragments, etc., provides a unique trajectory of natural regeneration and stochastic forest succession and, consequently, of floristic composition and phytosociological importance of species (Gandolfi, 2017) .
The richness of natural regeneration under eucalyptus plantation in Brazil can reach values of 30 to 140 native tree species (Onofre, Engel, & Cassola, 2010) . Surveys include 79 families, 292 genera, and 721 native species already found in the understory of eucalyptus plantations in Brazil (Costa, 2018) .
The density and diversity of natural regeneration under commonly planted homogeneous forests vary as a function of canopy density and light availability in the understory, age and species of the planted forest, distance and quality of surrounding native vegetation remnants, management of planted forest, and the history of use of the area (Viani et al., 2010) .
The estimated total basal area and density of the regenerants found under C. citriodora planting were, respectively, 23.00 m 2 ha -1 and 1,557 individuals ha -1 . According to Rodrigues, Isernhagem, and Brancalion (2009) , for forest restoration purposes in the Atlantic Forest biome, the minimum required density of regenerants is 1,000 individuals ha -1 , regardless of the DBH class. Costa (2018) found 2,140 individuals ha -1 with DBH ≥ 2.5 cm and basal area of 11.04 m² ha -1 in natural regeneration under Eucalyptus grandis Hill ex Maiden planted 60 years ago. Compared to the density of 1,557 individuals ha -1 observed in the present study, the higher density found by that author is certainly due to the sampling being performed on regenerating individuals with DBH ≥ 2.5 cm. On the other hand, the basal area represents about 50% of that of the present study, indicating that regenerating individuals were smaller, particularly in trunk diameter.
The distribution of regenerating species in ecological groups in the present study was as follows: 35% pioneer, 40% early secondary, 18% late secondary, and 7% climax. Phytosociological parameters confirm the overwhelming dominance of pioneer and early secondary species in terms of spatial distribution (frequency), density of individuals, basal area (dominance), and importance value in the plant community from an approach in terms of horizontal structure ( Table 2) .
The dominance of pioneer and early secondary species indicates that natural regeneration is in the early stages of forest succession (Brancalion et al., 2015) . On the other hand, the presence of species of all ecological groups in natural regeneration, from heliophilic pioneers to shade-tolerant late secondary, signals the possibility of progression of the successional process over time (Gandolfi, 2017) , which will occur from senescence or intentional felling of eucalyptus trees still present in the area (Isernhagen et al., 2009) . Ecological groups (EG) -pioneer (P), early secondary (ES), late secondary (LS), and climax (C); dispersion syndromes (DS) -zoochory (ZOO), anemochory (ANE), and autochory (AUT); relative frequency (RF), relative density (RDe), relative dominance (RDo), and importance value index (IVI).
The seed dispersal syndromes of the regenerating species were as follows: 40% anemochoric, 57% zoochoric, and 3% autochoric. According to Carvalho (2010) , most tropical tree species present zoochoric dispersion, indicating the importance of fauna, ecological corridors, and landscape permeability in both seed dispersal and area colonization (Arana & Almirante, 2007) . Costa (2018) found 68.8% nonpioneer (late secondary and climax) and 81.1% zoochoric species among native regenerants in the understory of E. grandis planted about 60 years ago.
The dominance of zoochoric species in natural regeneration attests that eucalyptus, despite being an exotic species in Brazil, acts to attract fauna (Costa, 2018) and mainly as a perch for avifauna. Torresan, Vital, Araujo, and Cola (2011) recorded 53 bird species in a eucalyptus forestry area, being distributed in 23 families and 11 orders. One of the desirable characteristics of species planted during forest restoration is certainly their attractiveness to fauna, favoring the colonization of the area by regional native species (Carneiro & Rodrigues, 2007) . On the other hand, the significant presence of winddispersed regenerants in the study area can be explained by the proximity (about 20 m) of a well-preserved Semideciduous Seasonal Forest fragment, enabling the contribution of anemochoric propagules (Viani et al., 2010) .
Considering the dispersal syndromes by ecological group, there is a decrease in anemochory among late species, while zoochory is present among all ecological groups (Table 3) . This fact reinforces the role of fauna in the reintroduction of biodiversity throughout forest restoration (Carnevale & Montagnini, 2002) . The intensity of natural regeneration will likely depend on local conditions, defined by initial planting spacing, level of shading and invasive exclusion (Modna, Durigan, & Vital, 2010) , and surrounding conditions associated with presence, distance, and conservation status of native vegetation remnants, besides the permeability of the surrounding landscape (Souza Leite et al., 2013; Almeida, 2016) .
In addition to providing the shade and habitat required for the suppression of unwanted invasive species and the establishment of native tree species (Carnus et al., 2006; Carneiro & Rodrigues, 2007) , planted forests should also be attractive to fauna (Torresan et al., 2011) , enhancing the external contribution of propagules via zoochory (Brancalion et al., 2015; Gandolfi, 2017) .
For homogeneous planted forests to play the role of pioneers and facilitators in restoring native forests (Modna et al., 2010) , they must be managed in such a way as to preserve the regeneration of native vegetation present in their understory (Viani et al., 2010) .
Planted exotic trees should be gradually removed by selective felling of single trees or tree lines, maintaining the forest structure and mitigating damage to regeneration. Another possibility would be through ringing and poisoning, causing the death of standing trees, but maintaining perches and seed dispersal by birds (Isernhagen et al., 2009) .
Conclusions
The C. citriodora forest provided natural regeneration with high density of individuals and species (mostly pioneer or early secondary) of the Atlantic Forest in its understory, with anemochoric or zoochoric dispersal syndromes.
Natural regeneration occurred due to the canopy structure and the creation of a forest habitat by C. citriodora trees, providing conditions for the attraction and establishment of native tree species in its understory, coming from preserved forest remnants existing around the studied area.
